What is claimed is: 




perpendicular magnetic recording di^lrramprising: 
/[/ ^^substrate; 

a laminated underlayer on the suj>gfrate, the underlayer comprising a 
laminate of first and second ferroni^netic layers and a nonferromagnetic spacer 
layer between and in contact with the two ferromagnetic layers, the two 
ferromagnetic layers being exchange coupled antiferromagnetically across the 
spacer layer, whereby th^ magnetic moments of the two ferromagnetic layers are 
antiparallel; and 

a magnetic recording layer of material having perpendicular magnetic 
anisotropy on the/aminated underlayer. 

2. The disk of claim 1 further comprising an exchange break layer 
between the underlayer and the magnetic recording layer for preventing magnetic 
exchange coupling between the ferromagnetic layers of the laminated underlayer 
and the magnetic recording layer. 

3. The disk of claim 2 wherein the exchange break layer is formed of 
material consisting essentially of titanium. 

4. The disk of claim 2 wherein the exchange break layer is formed of 
material selected from the group consisting of Si, Ge, SiGe alloys, Cr, Ru, W, Zr, 
Nb, Mo, V, Al, CrTi, NiP, CN X , CH X ,C, and oxides, nitrides and carbides of an 
element selected from the group consisting of Si, Al, Zr, Ti, and B. 

5. The disk of claim 1 wherein the ferromagnetic layers of the underlayer 
are formed of an alloy comprising cobalt and iron. 
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e disk of claim 6 wherein tbe^56balt-iron alloy includes an element 
from the group consisting-efnickel, boron and copper. 



7. The disk of claim 1 wherein the ferromagnetic layers of the underlayer 
are formed of a material selected from the group consisting of alloys of CoFe, 
CoNiFe, NiFe, FeCoB, CoCuFe, FeAISi, FeTaN, FeN, FeTaC, CoTaZrand CoZrNb. 



8. The disk of claim 1 wherein the spacer layer of the underlayer is 
formed of a material selected from the group consisting of ruthenium (Ru), 
chromium (Cr), rhodium (Rh), iridium (Ir), copper (Cu), and their alloys. 



9. The disk of claim 8 wherein the spacer layer of the laminated 
underlayer is Ru. 

1 0. The disk of claim jljurff^ a layer of antiferromagnetic 
material between the subi^ekpdihe first ferromagnetic layer for pinning the 
magnetization directio^'of the firaj ferromagnetic layer. 



11. The disk of claim 1 wherein the antiferromagnetic material is a 
material selected from the group consisting of FeMn, NiMn, PtMn, IrMn, PdPtMn 
and NiO. 

12. The disk of claim 1 further comprising a second nonferromagnetic 
spacer layer on the second ferromagnetic layer and a third ferromagnetic layer on 
the second spacer layer, the second and third ferromagnetic layers being 
exchange-coupled antiferromagnetically across the second spacer layer, whereby 
the magnetic moments of the second and third ferromagnetic layers are antiparallel. 

13. The disk of claim 1 wherein the magnetic moments of the two 
ferromagnetic layers are oriented generally radially on the disk. 
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- 14. The disk of claim 1 wherein the magnetic moments of the two 
ferromagnetic layers are oriented generally circumferentially on the disk. 
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perpendicular magnetic record ingydisk having a generally circular 
e and comprising: / 
a substrate; / 

a laminated underlayer on the substrate, the underlayer comprising N 
ferromagnetic layers and N-1 nonferromagrfetic spacer layers, wherein N is greater 
than or equal to 2, each of the spacer layers being located between and in contact 
with two adjacent ferromagnetic layers jand having a thickness sufficient to induce 
antiferromagnetic exchange coupling/across said adjacent ferromagnetic layers, 
whereby the magnetic moments of ^idjacent ferromagnetic layers are oriented 
generally antiparallel in the absence of an applied magnetic field, said magnetic 
moments being aligned in a generally radial direction on the disk in the absence of 
an applied magnetic field; and / 

a magnetic recording layer of material having perpendicular magnetic 
anisotropy on the laminated urjiderlayer. 

1 6. A disk according to claim 1 5 wherein the ferromagnetic layers in the 
underlayer other than the bottom and top ferromagnetic layers have substantially 
the same thickness tf m , wherein the top ferromagnetic layer has a thickness tt 0 p 
and wherein (tf m - tt 0 p)/tf m approximately equals 1/2. 

17. The disk of claim 15 further comprising an exchange break layer 
between the laminated underlayer and the magnetic recording layer for preventing 
magnetic exchange coupling between the ferromagnetic layers of the laminated 
underlayer and the magnetic recording layer. 

18. The disk of claim 17 wherein the exchange break layer is formed of 
material consisting essentially of titanium. 
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19. The disk of claim 17 wherein the exchange break layer is formed of 
material selected from the group consisting of Si, Ge, SiGe alloys, Cr, Ru, W, Zr, 
Nb, Mo, V, Al, CrTi, NiP, CN X , CH X ,C, and oxides, nitrides and carbides of an 
element selected from the group consisting of Si, Al, Zr, Ti, and B. 

j? 

20. The disk of claim 1 5 wherein the ferromagnetic layers of the laminated 
underlayer are formed of an alloy comprising cobalt and iron. 

21 . The disk of claim 20 wherein the cobalt-iron alloy includes an element 
selected from the group consisting of nickel, boron and copper. 

22. The disk of claim 1 5 wherein the ferromagnetic layers of the laminated 
underlayer are formed of a material selected from the group consisting of alloys of 
CoFe, CoNiFe, NiFe, FeCoB, CoCuFe, FeAISi, FeTaN, FeN, FeTaC, CoTaZrand 
CoZrNb. 

23. The disk of claim 1 5 wherein the spacer layers of the laminate 
underlayer are formed of a material selected from the group consisting of ruthenium 
(Ru), chromium (Cr), rhodium (Rh), iridium (Ir), copper (Cu), and their alloys. 

24. The disk of claim 1 5 wherein the spacer layers of the laminated 
underlayer are Ru. 

25. The disk of cla'iimt^ur^er comprising a layer of antiferromagnetic 
material between the su^MateJpra the first ferromagnetic layer of the laminated 
underlayer for pinninefthe magnetization direction of the first ferromagnetic layer. 

2fD>^?he disk of claim 25 wherein the antiferromagnetic material is a 
:erial selected from the group c$2fnsisting of FeMn, NiMn, PtMn, IrMn, PdPtMn 
and NiO. 
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